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Abstract
Animals resolve conflicts over the share of resources by com-
peting physically or signalling motivation with honest signals
of need. In some species, young siblings vocally signal to each
other their hunger level and the most vocal individual deters
its siblings from competing for the non-divisible food item
delivered at the next parental visit. This so-called sibling ne-
gotiation for forthcoming food has been studied only in this
context. It therefore remains unclear whether siblings could
also negotiate access to a pool of divisible resources, a situa-
tion that is similar to a group of individuals competing for an
accessible food resource. To tackle this issue, we placed barn
owl (Tyto alba) nestlings singly in artificial nests containing
several mice, and we simulated the presence of a sibling call-
ing at low or high rate using playback experiments. If nestling
barn owls vocally negotiate over a divisible food stock, we
propose the following two predictions. First, nestlings would
vocally signal before eating from this stock of food, and sec-
ond, numerous playback vocalizations would inhibit feeding.
Accordingly, singleton nestlings vocalized just before con-
suming food stored in their artificial nest and they delayed
the consumption of the food stock if hearing many playback
calls. The production of such food-associated vocalizations
has been observed in foraging adults in various birds and
mammals, but never in young animals and when resource is
divisible and easily accessible. Our study raises the possibility
that vocal communication could evolve in a variety of com-
petitive contexts.
Significance statement
We present here the first experimental evidence that sibling
barn owls use food-associated vocalizations to compete over
the preys stored in the nest. Owlets emit calls just before
consuming an available food item and broadcasting calls in-
duces nestlings to temporarily refrain from eating from the
food stock. This raises the possibility that vocal communica-
tion can mediate the share of a food stock accessible to all
competitors.
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Introduction
In species with parental care, the offspring of a brood are in
conflict with their parents because they request more care than
parents are willing to provide (Godfray 1991; Mock and
Parker 1997). As a consequence, siblings raised together enter
in competition and each individual tries to acquire a larger
than equal share of the parental resources. Sibling competition
is not restricted to species with parental care because mothers
can abandon their clutch leaving the offspring competing for a
pool of limited resources (Godfray and Parker 1992). In many
species, this competition can lead siblings to aggress each
other up to the point of siblicide (Mock and Parker 1997).
Communicated by M. Leonard
* Amélie N. Dreiss
amelie.n.dreiss@gmail.com
1 Department of Ecology and Evolution, Biophore Building,
University of Lausanne, 1015 Lausanne, Switzerland
2 Institute of Ecology and Evolution, University of Bern,
Bern, Switzerland
3 Laboratoire d’Ecologie et Neuro-Ethologie Sensorielles EA3988
(ENES), Université Jean Monnet, F-42023 Saint-Etienne, France
Behav Ecol Sociobiol (2016) 70:927–937
DOI 10.1007/s00265-016-2114-2
The resolution of sibling conflict hence often promotes selfish
rather than altruistic or cooperative behaviour. However, the
cost of sibling competition being substantial (Mock and
Parker 1997) and relatedness between individuals leading to
a reduction of selfishness in some contexts (Hamilton 1964;
Brown 1978), selection has also promoted the evolution of
specific behaviours to reduce the level of sibling competition.
This can involve active food sharing between siblings (Marti
1989; Roulin et al. 2012, 2016; Roulin and Dreiss 2012; Falk
et al. 2014), refraining from adopting selfish behaviours, such
as permitting subordinate siblings to feed in periods of food
shortage (Anderson and Ricklefs 1995), sharing the cost of
begging food from parents (Johnstone 2004; Mathevon and
Charrier 2004) or avoiding begging competition (e.g. Madden
et al. 2009). Siblings may also adjust their prospective invest-
ment in the competition by assessing each other’s resource
holding potential and motivation to compete (Parker 1974).
Accordingly, in some birds, nestlings not only display begging
signals to their parents about their need to acquire resources
but also to their siblings in the absence of parents (barn owl
Tyto alba, Roulin et al. 2000; spotless starling Sturnus
unicolor, Bulmer et al. 2008; barn swallow Hirundo rustica,
Romano et al. 2013). While parents are foraging, the most
motivated individual indicates to its siblings its intention to
compete over the food resources that parents will bring back
to their nest. Being informed, their siblings momentarily re-
treat from the contest by reducing vocalizing towards siblings
and reducing begging once parents return with a prey item, so
that the motivated individual can obtain the resources without
having to compete physically. This process, referred to as
Bsibling negotiation^, would reduce the cost of sibling com-
petition (Roulin et al. 2000; Bulmer et al. 2008). Although
potentially of general applicability, tests of this hypothesis
are so far restricted to the situation where siblings compete
over the non-divisible food item next delivered by a parent. It
therefore remains unclear whether offspring negotiate priority
access to limited parental resources in other feeding contexts.
Current theory posits that the evolution of sibling negotia-
tion is more likely to occur in species in which parental re-
sources are not divisible, i.e. per nest visit, parents bring a
single food item to be consumed by a single offspring
(Johnstone and Roulin 2003). Under this condition, one indi-
vidual monopolizes the single food bolus brought by a parent
implying that only this individual is paid back for its effort
invested in sibling competition. In that case, siblings have
better inform each other about their motivation to compete
once parents are back with food, so that individuals invest in
the contest according to their likelihood of monopolizing the
resource, i.e. retreat if this likelihood is low and compete if it is
high. In the present study, we test the hypothesis that young
animals also use vocal communication to compete for priority
access to a pool of divisible resources. In various group-living
species of birds and mammals, adults produce calls when
foraging, which deter competitors from approaching (e.g.
Radford and Ridley 2008; Wright et al. 2014) or serve as
social recruitment (review in Clay et al. 2012). Such commu-
nication is likely to emerge also among some broods and
litters, primitive forms of group living, to regulate access to
food resource. Such a non-aggressive way to partition divisi-
ble resources would allow animals to reduce the level of com-
petition, thereby saving time and energy to be invested in
other currencies.
Barn owl (Tyto alba) is an ideal model to investigate wheth-
er nestlings could vocally negotiate a stock of food resources
that can be divided among several individuals. Owl nestlings
are seldom aggressive (Cramp and Simmons 1985) and highly
vocal. Owlet vocalizations, which are simple hissing calls,
honestly reflect hunger level (Ruppli et al. 2013a) and are used
to beg for the food item brought by parents and to negotiate
with siblings priority access to this item before the arrival of
parents (Roulin et al. 2000; Dreiss et al. 2010b). These food
items are non-divisible and given to a single offspring at each
parental visit. However, because parents usually deliver the
daily offspring food requirement in the first few hours of the
night (Durant et al. 2013), food items can accumulate in the
nest and be consumed at a later time at night or during daylight
hours when parents are away and do not provide food any
more (Roulin 2004b). At a certain time point of the night
and when food provisioning is important, parents drop prey
items in the nest directly without giving it to a nestling (AR
pers. obs.), probably because the offspring are momentarily
satiated. Here, our aim is to investigate whether barn owl
siblings vocally negotiate when competing for access to this
stock of several prey items. Contrary to the food brought by
parents, this accumulated food stock is accessible and usually
divisible because it often contains several prey items. Such a
study has the potential to reveal that sibling negotiation is used
in a much larger context than when competing over a single
non-divisible prey item next delivered by a parent. It would
raise the possibility that, even in animals without parental
care, siblings can use negotiation when they compete for a
pool of resources, for instance when insects abandon their
eggs near a food source (e.g. Campbell and Runnion 2003).
Although a negotiation system is less likely to evolve when
resources are divisible (Johnstone and Roulin 2003), it can be
favoured if it reduces the competition for food, which in the
barn owls takes the form of frequent food theft (Roulin et al.
2016) and occasional beak pecking (AND pers. obs.).
We recorded the vocal and feeding behaviour of barn
owl nestlings in an experimental nest (without any par-
ent) containing several mice, and we played back owlet
calls at a high or low rate. These playback treatments
mimic a situation where a nestling has to share a stock
of food with either a hungry or a satiated sibling calling
at high and low call rate, respectively, and are hence
referred to as Bcompetitive^ and Bnon-competitive^,
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respectively. Playbacks were emitted during 75 % of the
time (45 min in a row per hour) to evaluate the impact of
a temporal retreat from the vocal contest of the compet-
itor sibling (i.e. when no calls were broadcast during
25 % of the time, i.e. 15 min per hour), which happens
in natural broods when the vocal siblings have just been
fed. We compared nestling vocal and feeding behaviours
between the two playback treatments and between vocal-
ization (45 min) and silence periods (15 min) in each
playback treatment. We examined the following three
predictions assuming that a function of vocalizing in
the absence of parents is to deter siblings from compet-
ing for the food stock. First, assuming that vocalizations
transfer functional information about hunger or motiva-
tion to siblings, we expect that nestlings vocalize before
handling a prey to inform their intention to eat soon and
hence to deter their siblings from stealing their prey item
(Roulin et al. 2008). Second, we predict that vocalization
signals would affect the behaviour of siblings, and
hence, nestlings having free access to a stock of prey
items would refrain from consuming food when hearing
a hungry competitor. Food stock would thus be con-
sumed slower in high than low call rate treatment.
Third, we predicted that nestlings would eat more often
during the periods of silence than when calls are broad-
cast, as silence periods indicate that nestmates have been
fed and hence do not compete anymore over food re-
sources (Roulin et al. 2000; Dreiss et al. 2010b). This
effect should predominate when facing a competitive
rather than a non-competitive playback, because nes-
tlings are more likely to withdraw from a contest in front
of high than low competitive siblings, as their likelihood
of winning a contest is lower (Ruppli et al. 2013a). To
verify that the vocalization and feeding patterns are not
restricted to playback experiments, we further analysed
vocal exchanges in pairs of nestlings that could interact
physically and vocally in the presence of prey remains.
As a control condition, we also report the vocalization
pattern of singleton owlets feeding on a food stock.
Methods
The study was performed on a wild population of barn owls in
Western Switzerland (46°49′N/06°56′E) where 236 nest box-
es have been installed on barns. Age was estimated by mea-
suring wing length (Roulin 2004a) and sex identified with
molecular markers (Py et al. 2006). Food stock can accumu-
late to up to more than 40 prey items; the stock decreases
during the day when parents do not provide food anymore
(Fig. 1). At nestling capture before experiments, 53 % of the
broods contained at least one rodent and 19 % six rodents or
more.
Playback experiment
Nestlings were brought to the laboratory in the afternoon and
placed in a similar wooden nest box as the nest of birth
(100×60× 50 cm), except that they were twice as high to
allow video recording and that the opening to the outside
was smaller to prevent nestling escape. Nestlings stayed at
the laboratory for three nights and they were brought back to
their nest box on the fourth day. We video recorded the nes-
tlings using an infrared-sensitive camera placed on the ceiling
(TVCCD-150SET, Monacor International GmbH & Co. KG,
Bremen, Germany) to assess the time when nestlings started
and stopped to consume a food item and we recorded calls
with a microphone placed on the ceiling (MC930,
Beyerdynamic GmbH& Co. KG, Heilbronn, Germany) using
Cubase (Steinberg Media Technologies GmbH, Hamburg,
Germany) set at 44.1 kHz sampling rate and 16-bit resolution.
Feeding behaviour was analysed on soundless video footage,
blindly to nestling vocalization and playback broadcast. Owlet
calls were detected automatically and analysed for their dura-
tion and rate, as these two features reflect hunger level (Ruppli
et al. 2013a), using Matlab (MathWorks, Natick, MA, USA).
Comparison of recordings with playback soundtrack permit-
ted to exclude playback calls. Visual scanning of recordings
were done to verify the accuracy of the method (Dreiss et al.
2013a; for an acoustic description of calls, see Dreiss et al.
2014).
The experiment was carried out between 16 July and 9
September 2013 on 11 female and 16 male nestlings from
eight broods containing 2–6 individuals (mean ± SE 3.8
±0.5). They were aged 23–44 days (32± 1, fledging takes
place at 55 days of age). At that age, they are old enough to
be thermo-independent and able to eat food without maternal
help. At the arrival in the laboratory, we placed all siblings in
the same nest box for acclimation. In the evening at 18:00, we
provided six laboratory mice (10–14 g each) per owlet, an
amount that covers their daily need (67 g a day between 20
and 60 days of age, Durant and Handrich 1998). The second
day, at 0800, we placed one nestling per nest box, and any
remaining food item was removed to standardize hunger level
until 1800 when the experiment started. At that time, six mice
were placed in the box of each nestling and we started to emit
a playback sequence (either the competitive or non-
competitive treatment, chosen randomly) until 0800 on the
next day, using a loudspeaker placed in a corner of the box
slightly above nestling head (nEar05 eXperience, ESI
Audiotechnik GmbH, Leonberg, Germany). The intensity of
broadcast calls was adjusted by ear to the intensity of vocali-
zations observed in nature. Mice were removed at that time.
At 1800, we placed again six mice and we broadcast the other
playback treatment until 0800 in the next morning.
To build the playback sequences, we used calls of six
owlets that did not consume any food in the preceding 28 h
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(aged 25–35 days, four males and two females); these owlets
were recorded at night in the absence of parents in 2008 (see
Ruppli et al. 2013a). For each focal nestling, we built two
unique playback sequences (one competitive and non-
competitive) using 20 different calls emitted by a single owlet.
Playback calls lasted 0.8 s (i.e. the mean duration of calls in
parent absence Ruppli et al. 2013a) and their intensity was
standardized using the Audacity software v.2.0.5 (http://
audacity.sourceforge.net, a procedure that does not affect
other acoustic parameters). We randomized the time interval
between calls with the rule that playback emitted 16 calls/min
for the competitive treatment and 4 calls/min for the non-
competitive treatment. The broadcast vocalizations are differ-
ent from begging events in which nestlings beg simultaneous-
ly at ca. 40 calls/min (Dreiss et al. 2010b). The calling rates
were set based on the values of 68 pairs of individuals record-
ed in 2008 in parent absence. The 5th and 10th percentiles of
individual call rates were 3 and 5 calls/min respectively,
whereas the 75th and 90th percentiles were 15 and 19 calls/
min, respectively (AND unpubl. results). Nestlings produce
up to 45 calls per minute. For each individual, we broadcast
14 times in a row the same 45-min playback sequence, each
sequence followed by 15 min of silence. Owlets react in a
similar way in front of unfamiliar playback calls and live nes-
tlings’ calls (they avoid overlapping playback calls, Dreiss et al.
2013b; they refrain from calling in front of a highly vocal
playback, Ruppli et al. 2013a; they insert their calls between
playback calls in the same way they do with live nestlings,
Dreiss et al. 2015) and are not physiologically stressed in nest
boxes placed in the laboratory (Dreiss et al. 2010a).
Vocalizations of owlets in pairs and alone
To determine whether nestlings vocalize before handling a
prey in presence of a live sibling or alone, we analysed vocal
behaviour of pairs of nestlings and of singleton nestlings in the
presence of prey remains. The experiment was carried out
between 27 May and 5 August 2012 on 34 female and 37
male nestlings from 20 broods of 2–9 young (mean ±SE:
5.2±0.3). They were aged 21–40 days (31±1). Upon arrival
at the laboratory, each individual was recorded during three
sessions of 23 h each, from 1400 to 1300 the next day, once
alone and twice with a sibling. This experiment was designed
to study diel behavioural patterns of nestlings without external
disturbance. At the beginning of each session, we put five
laboratory mice (24 g each) per owlet. During each 23-h treat-
ment, individuals were left undisturbed in a nest box where
they could interact physically and vocally while consuming
the prey remains. During this time lapse, we filmed nestling
behaviour and recorded vocalizations with a single micro-
phone. Although we could not determine the identity of the
individual that produced each call, we could measure calling
rate before, during and after a nestling consumed a food item.
Video and acoustic analyses were performed with the same
methods as above.
Statistical analyses
Effect of playback treatment
We analysed Bfeeding duration per prey^ and Btotal weight of
all prey items eaten during the night^ (both log transformed
for normalization) with linear mixed models. For the depen-
dent variable Bfeeding time^ (i.e. number of minutes elapsed
between the beginning of a playback and consumption of a
mouse), we performed generalized linear mixed models with a
zero-inflated overdispersed Poisson distribution (Joe and Zhu
2005). The independent terms were as follows: playback treat-
ment, experimental night (first or second night), nestling sex
Fig. 1 Mean number of stock
prey items each hour per brood
(black bars, left axis) and per
nestling (white bars, left axis) and
percentage of broods with stock
prey items (grey line, right axis).
Maximum number of prey items
found is indicated above the bars.
Data are from 5 years (2007,
2010–2012, 2015), 158 broods
from 1 to 60 days after hatching
of the first egg and 517
observations
930 Behav Ecol Sociobiol (2016) 70:927–937
and age, and order at which prey items were consumed (ex-
cept for the analysis of total weight of all prey items eaten for
which we considered the average per night and not per prey
item). As we had more than one measure per individual and at
least two individuals per nest of birth in our playback exper-
iments, we controlled for the non-independence of the data by
incorporating nestling identity nested in the nestling brood as
a random factor in all models.
We compared the number of calls and feedings occurring
during the 15-min-long silence periods and during the 45-min-
long playback periods with chi-square tests.
Calling behaviour before, during and after having eaten
a food item
To investigate whether nestlings called at different levels be-
fore, during and after a feeding event, we computed the mean
number of calls produced at each Btiming^: in the period from
20 to 10 min before starting to consume a food item, in the
following 10 min (i.e. the 10 min before food consumption),
while eating the food item, between the end of consuming this
item and 10 min later and finally during the next 10 min. We
did not consider vocal data between two feeding events sepa-
rated by less than 40 min.
For the Playback experiment, call duration was analysed
with linear mixed model and number of calls was analysed
with generalized linear mixed models with zero-inflated
Poisson distribution. Nestling identity nested in nestling brood
was set as random factor.
For Vocalizations of owlets in pairs and alone, call duration
(log transformed) was analysed with linear mixed model and
number of calls was analysed with generalized linear mixed
models with Poisson distribution. We averaged vocal param-
eters per Btiming^ and experimental box. Pair or nestling iden-
tity (for owlet pairs and singleton owlets, respectively) nested
in the brood and experimental night were set as random fac-
tors. To assess the difference between each Btiming^ category,
we computed t statistic as the factor estimate divided by its
standard error.
We used the software SAS v9.1 (SAS Institute Inc., Cary,
NC). We presented full models without selection. We checked
the distribution of residuals of mixed models and scaled
Pearson’s statistics of generalized nixed models. P values are
estimated in type three tests of fixed effects. Estimates are
given±SE.
Results
Effect of playback treatments on feeding behaviour
Nestlings consumed food items every 2 h on average (2:07
±0:06). They consumed the prey items earlier in the night
when facing the non-competitive playback treatment (few
playback calls) compared to the night when facing the com-
petitive treatment (many playback calls; Table 1). In pairwise
comparison within nestling, prey items were consumed
29 min later per prey on average during the competitive treat-
ment (Fig. 2). The total weight of prey items consumed per
night (mean±SE: 58.3±1.8 g; range: 13–78 g) was not sig-
nificantly related to the playback treatment (linear mixedmod-
el: F1.25 = 0.84, P=0.37, competitive vs. non-competitive:
−0.13±0.14), experimental night (F1.25= 1.24, P=0.28, first
vs. second night 0.16 ± 0.15), nestling sex (F1.25 = 3.45,
P = 0.08, male vs. female −0.41 ± 0.22) and nesting age
(F1.25= 0.08, P=0.78, 0.01±0.02).
Per hour, we broadcast calls during the first 45 min, and
hence, if feeding events occur randomly, 75 % of the prey
items would have been consumed during the playback and
25 % during the silence periods. This was, however, not the
case, because owls tended to avoid eating when hearing the
competitive playback (only 62 % of the prey items were con-
sumed during the playback and 38 % during the silence, chi-
square test: χ21=9.08, P=0.003), but not when hearing the
non-competitive playback (71 vs. 29 %; χ21=0.94, P=0.33).
Hence, over the whole night, nestlings facing a com-
petitive playback treatment ate as many prey items as
when facing a non-competitive treatment. However, they
delayed the time when they consumed food in the
Table 1 Rapidity to consume
prey items stored in the nest in 27
barn owl singleton nestlings
Estimate ± SE F P
Playback treatment (competitive vs. non-competitive) 0.18 ± 0.06 8.4 0.004
Experimental night (first vs. second) 0.28 ± 0.06 20.9 <0.0001
Prey order 0.45 ± 0.02 684.1 <0.0001
Nestling sex 0.15± 0.18 0.7 0.40
Nestling age 0.01± 0.02 0.7 0.41
Results of a generalized linear mixed model with as dependent variable the time lapse between the start of
experiment (18 h) and the time when owls started to consume a prey item (df= 238), with the nestling identity
nested in brood identity as random factor (estimate 0.18 ± 0.06). The factor BPrey order^ indicates the order at
which prey items were consumed; 1 = first prey item consumed, 2 = second prey item consumed, and so on.
Significant terms are written in italic
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competitive treatment, because they were more likely to
wait for the playback to stop before eating (Fig. 3). As
shown in Fig. 3, this preference to eat during periods of
silence was more pronounced at the beginning of the
night. During the first 5 h of the experiment, nestlings
ate significantly fewer prey items when hearing a com-
petitive playback than a non-competitive playback
(Wilcoxon signed rank test: S=−57, P= 0.039, N = 27
nestlings) and compensated by eating significantly more
items during the silence periods (Wilcoxon signed rank
test: S= 42, P= 0.021, N= 27 nestlings).
Nestlings took less time to consume the first prey
items of the night compared to the last items (mean
±SE: first mouse 1 min 52 ± 22 s; sixth mouse 3 min
45 ± 50 s; range 10 s–18 min 13 s; prey order effect:
F1.237 = 10.53, P = 0.0013, 0.11 ± 0.03) and older nes-
tlings took less time to eat an item than their younger
nestmates (age effect: F1.237 = 8.10, P = 0.0048, −0.08
± 0.03); in the same model, the playback treatment
(competitive vs. non-competitive: F1.227 = 0.01, P= 0.96,
−0.01 ± 0.10), experimental night (i.e. first or second;
F1.237 = 1.92, P = 0.17, −0.15 ± 0.11) and nestling sex
(F1.237 = 0.62, P = 0.43, male vs. female: 0.21 ± 0.27)
did not explain any significant part of the variation in
the time taken to consume prey items.
Effect of playback treatments on nestling vocalization
In the competitive treatment, nestlings vocalized more
often during the 15-min periods of silence than during
the 45 min of playback than expected at random
(χ21 = 22.54, P < 0.0001), which was not the case in
the non-competitive treatment (χ21 = 0.40, P = 0.53;
Fig. 4). Therefore, nestlings vocalised more often during
the periods of silence in the competitive than non-
competitive treatment (Wilcoxon signed rank test:
S = 67, P = 0.026), whereas nestling call rate was not
significantly different between the two playback treat-
ments when calls were broadcast (S = 49, P= 0.17). In
contrast, the mean duration of calls did not differ sig-
nificantly between the time periods (difference between
competitive and non-competitive treatment, during si-
lence: S = −4, P = 0.86; during playback: S = −22,
P= 0.45).
Fig. 2 Difference in owlets’ time of feeding (min) between the compet-
itive treatment (high playback call rate) and non-competitive treatment
(low playback call rate), for each prey consumed (differences are calcu-
lated within nestling, average difference values are given ± SE). We dis-
tinguish prey items by the order at which they were consumed (first to
sixth)
Fig. 3 Difference in the mean number of mice eaten in nestlings facing a
competitive treatment and a non-competitive treatment, during each
45 min of playback periods (black), during the following silences of
15 min (white), and on average over the two periods (grey). Differences
are calculated within nestling, average difference values are given ± SE
Fig. 4 Percentage of calls produced by singleton barn owl nestlings
(±SE) facing a competitive (16 calls emitted per minute) and non-
competitive playback (four calls emitted per minute) during the 45 min
of playback emission and the next 15min of silence. Random expectation
(25 % of the calls should be produced during the silence period and 75 %
during the playback period) is indicated with the broken line
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Calling behaviour before, during and after having eaten
a food item
Playback experiment
Nestlings increased their call rate during the 10 min
before eating a prey item (Table 2a; Fig. 5a). Mean call
duration did not vary significantly around feedings
(Table 2a).
Vocalizations of owlets in pairs and alone
Call rate was also highest during the 10 min before
eating a prey item in pairs of live siblings (Table 2c,
Fig. 5b). Call rate changed with timing in isolated
owlets, but was not significantly different during the
10–0 min and 20–10 min before eating (Table 2d,
Fig. 5b). No change was detected in mean call dura-
tion (Table 2c and d).
Discussion
We present here the first experimental evidence that altricial
young use vocal communication to compete for a divisible
and accessible food stock. Nestlings emitted calls mainly dur-
ing the 10 min preceding the consumption of food stored in
the nest. Furthermore, broadcasting owlet calls in the absence
of parents induced nestmates to temporarily refrain from eat-
ing the available food stock. This indicates that vocalizations
alone inhibit siblings from eating even when no sign of phys-
ical competition is present. Calling before handling a food
item would thus permit to ensure priority over the food stock
and possibly reduce further competition in the form of food
stealing and beak peaking by siblings. High vocalization rate
just before eating was also found in pairs of siblings in the
presence of a food stock, but not in isolated owlets,
confirming the presence of a vocal communication between
live siblings before feeding from an accessible stock. During
competitive treatments, nestlings ate preferentially during the
periods of silence, when the playback momentarily stopped.
Table 2 Call rate and mean duration of calls before, during and after having eaten a prey item stored in the nest in (a) singleton nestlings facing a
playback (b) pairs of owlets without playback and (c) singleton owlets without playback
Rate of nestling calls Mean duration of nestling calls
Estimate ± SE F P Estimate ± SE F P
a. Playback experiment
Timing 2.83 0.024 0.33 0.86
− 20 vs. −10 −0.55± 0.32 0.07± 0.07
0 vs. −10 −1.12± 0.36 0.02± 0.09
10 vs. −10 −0.69± 0.33 0.03± 0.07
20 vs. −10 −0.50± 0.31 0.02± 0.07
Playback treatment (competitive vs. non-competitive) 0.00 ± 0.20 0.01 0.98 −0.05 ± 0.05 0.80 0.37
Prey order 0.16 ± 0.07 5.49 0.019 0.01± 0.02 0.37 0.54
Experimental night (first vs. second) 0.27 ± 0.23 1.30 0.25 −0.01 ± 0.05 0.07 0.79
b. Vocalizations of owlets in pairs
Timing 30.04 <0.0001 1.44 0.22
−20 vs. −10 −0.30± 0.07 0.04± 0.02
0 vs. −10 −0.63± 0.08 0.02± 0.02
10 vs. −10 −0.47± 0.07 0.01± 0.02
20 vs. −10 −0.70± 0.08 0.03± 0.02
c. Vocalizations of owlets alone
Timing 7.50 <0.0001 1.13 0.35
−20 vs. −10 −0.15± 0.21 0.12± 0.08
0 vs. −10 −2.21± 0.64 −0.04 ± 0.10
10 vs. −10 −1.44± 0.43 0.09± 0.10
20 vs. −10 −1.20± 0.35 0.06± 0.09
BTiming^ represents the period of call emission (20 to 10 min before eating a prey item, the 10 min before eating a prey item, during prey consumption,
during the 10 min after having consumed this item, 10 to 20 min after having eaten a prey item) and BPrey order^ the order at which prey items were
consumed. Generalized linear mixed model for call rate (df= (a) 946, (b) 332, (c) 72) and linear mixed models for mean call duration (df= (a) 55, (b) 332,
(c) 72) were performed with the nestling identity nested in brood identity as random factor. Significant terms are written in italic
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Hence, although nestlings postpone food consumption in front
of a competitive playback, nestlings consumed a similar
amount of prey items over the night during the two treatments,
as they compensated by eating during silence in the compet-
itive treatment. Further studies are needed to estimate to what
extent and how long hungry owlets can repel siblings from
eating. In our experiment, the repelling effect of the compet-
itive playback on food consumption was higher at the begin-
ning of the night (Fig. 3). At the end of the night, a change in
hunger level, or more probably a habituation to the playback,
might reduce its effect.
Comparable communication systems exist in adult pri-
mates (Caine et al. 1995; Boinski and Campbell 1996; Gros-
Louis 2004) and birds (Radford and Ridley 2008), which
vocalize to announce ownership and thereby inhibit competi-
tors to claim food. Sibling vocalizations around food stock
could be compared to these Bfood-associated calls^. To our
knowledge, such signals have not been described in young
animals before and in situations where the food is not hidden
and easily accessible to all individuals. The presence of food-
associated calls in front of food stock in barn owls indicates
that animals can use vocal communication in many competi-
tive contexts. Food calls emitted by adults could be related to
producer-scrounger games, where producers which find food
are parasitized by scroungers (Vickery et al. 1991). To avoid
being cheated, producers would vocally claim property of the
recently discovered pool of resources. Communication lead-
ing an individual to momentarily abandon a resource to a
conspecific is more likely to evolve and be maintained if in-
dividuals are genetically related and/or if this behaviour re-
duces the costs of competition (Hamilton 1964; Johnstone and
Roulin 2003). Provided competition is costly and/or an animal
group shares a certain degree of relatedness (because of lim-
ited dispersal for instance), such communication process
might hence be favoured to limit aggression and reduce the
stress induced by individuals that simultaneously compete for
the same pool of food resources. In barn owls, our results
suggest that siblings vocalize to signal their intention to con-
sume part of a food stock, a behaviour that efficiently deters
siblings from competing. For owlets, the benefits of withdraw-
ing from the food contest in front of a highly motivated sib-
ling, in terms of the indirect genetic benefits and reduction of
competition level, should outweigh the cost of losing a direct
benefit to obtain rapidly a food item. Producing Bfood-associ-
ated calls^ before consuming a food stock could thus be a non-
aggressive way to establish ownership over divisible re-
sources among siblings. Because stealing a food item from a
sibling is a frequent outcome in the barn owl (Roulin et al.
2012), nestlings can adopt a range of strategies to limit the risk
of being robbed. When this risk is relatively high, nestlings
can speed up the consumption of an entire item for instance by
swallowing it instead of consuming it piece by piece (a
phenomenon that was not observed in this study, but see
Roulin et al. 2008), they can eat the item in a concealed place
(Roulin et al. 2008) or they can possibly vocalize before eating
(present study).
The production of food-associated calls in owlets during
the 10 min before eating could be explained by proximate
mechanisms, such as arousal (Clay et al. 2012) or a peak of
hunger level just before eating. Calling before feeding on the
food stock is unlikely to constitute recruitment calls attracting
siblings to the food site as seen in some social animals (Brown
et al. 1991; Caine et al. 1995), because owlet calls were re-
pulsing rather than attracting to nestmates. The fact that play-
back calls affect owlets by refraining them from eating the
food stock suggests that vocalizations have evolved or are
maintained in part for this repelling function. In the total
Fig. 5 Call rates (+SE) before, during and after having consumed a prey
item taken from a stock of food in nestling barn owls. a Singleton nestling
facing a playback, (b) pairs of live siblings (striped bars) and singleton
nestlings without playback (full bars). The food-associated calls referred
to the calls produced just before feeding. Five periods were defined: calls
produced from 20 to 10 min before eating a prey item, the 10 min before
the start of prey consumption, the feeding period, from the end of prey
consumption to 10 min after having consumed this item, and from 10 to
20 min after having eaten a prey item. Means with different letters are
significantly different in a GLMM (P< 0.05)
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absence of vocal competition (isolated nestlings without play-
back), call rate was higher during the 20 min before than the
20 min after eating, but did not increase significantly during
the 10 min before eating. Hence, the presence of a vocal play-
back or of a live sibling favoured the production of food-
associated calls. The average call rate of singleton nestlings
(with or without playback) was much lower than in dyadic
interactions, suggesting that vocal behaviour was also reduced
in the absence of nestmates.
Competition over resources can involve a number of
behaviours that entail substantial energetic costs and risk
of injuries. To reduce these costs, animals can display
signals that indicate to conspecifics their motivation to
compete. Being informed about each other’s intention,
each individual of a group can then optimally adjust its
competitive effort (Parker 1974; Maynard Smith 1982).
In the barn owl, calls honestly reflect hunger level
(Ruppli et al. 2013a) and are emitted when begging
for food at parental arrival (Dreiss et al. 2010b). Calls
are also used in the Bsibling negotiation^ process, in
parental absence while waiting for them to bring food
and hence in the absence of food stock (Roulin et al.
2000). Negotiation defines any situation that involves
BDiscussion aimed at reaching an agreement^ (Oxford
Dictionary). This terminology is generally used for
humans who bargain a resource or a treaty. During an
interactive process, each participant tries to obtain the
largest portion of the pie as possible. Evolutionary ecol-
ogists also use this concept to define situations where
animals performed a series of interactions to determine
the share of a resource or the investment into a coop-
erative task (McNamara et al. 1999; Bell et al. 2010;
Patricelli et al. 2011; Sirot 2012). These tactical adjust-
ments during sequential stages can be made via ex-
change of transient signals such as vocalisations.
Roulin et al. (2000) first used the term of Bsibling
negotiation^ to describe the vocal interaction between
siblings preceding a parental feeding event. In sibling
negotiation, nestlings vocally interact in the absence of
parents (Ruppli et al. 2013a; Dreiss et al. 2015), which
influences the outcome of the pending competition
(Dreiss et al. 2010b). Previous empirical work and the-
ory concluded that sibling negotiation Bis more likely to
prove stable when the food provided by parents is non-
divisible^ (Johnstone and Roulin 2003). We here report
data supporting the hypothesis that nestling birds also
signal their intention to consume a portion of a divisible
food stock (given that a food stock is composed of
several prey items), a behaviour that deters their siblings
from competing for it. In other words, nestlings would
call more intensely just before handling and eating food
items taken from a pile of stored food probably to claim
their willingness to compete in the case siblings would
contest for the same items. This raises the possibility
that animals can negotiate priority access to both divis-
ible and non-divisible food resources, and even during
their early development stages.
Conclusion
Our results suggest that sibling vocal communication has an
important role, not only to determine which individual will
receive the indivisible food item next delivered by a parent
(Roulin et al. 2000) but also to determine how siblings share a
pool of food items stored in their nest. This finding reveals an
additional level of sophistication in the nestling barn owl com-
munication system. More data are required to determine the
relative influence of hunger level of a target nestling and of its
siblings on how a food stock is shared among barn owl sib-
lings. We also further need to evaluate the importance of this
communication system in full broods. If food-associated calls
reduce the competition, we expect that they occur more often
when food is scarce and competitors are numerous. It would
thus be interesting to examine whether the intensity, or some
specific properties, of the communication process around food
stock is related to the size or quality of the food stock (Hauser
et al. 1993; Bugnyar et al. 2001; Clay et al. 2012). This com-
munication could also be affected by the presence of compet-
itors (Di Bitetti 2005), such as the number of hungry siblings,
which is already known to modify sibling vocal negotiation
(Ruppli et al. 2013b).
Acknowledgments We thank Paul Béziers, Pauline Ducouret,
Estelle Ifrid and Baudouin des Monstiers for field assistance and
Marty Leonard and two anonymous reviewers for constructive
comments.
Compliance with ethical standards The experiment was carried
out under the legal authorization of the Veterinary Service of
Vaud canton (N°2109.1). It has been shown that reducing tempo-
rarily brood size does not decrease parental feeding rates (Roulin
et al. 1999) and none of the experimental broods were abandoned.
Keeping owlets at the laboratory does not negatively affect their
body condition, since mean body mass and survival at fledging
do not differ between experimental nestlings and those remaining
in their natural nest (Dreiss et al. 2013b). Nestlings were fed with
dead laboratory mice obtained from an animal house (Reptiles
Farm, Servion, Switzerland).
This study was funded by Swiss National Science Foundation for
funding (31003A-120517).
Conflict of interest The authors declare that they have no competing
interests.
Ethical approval All applicable international, national and/or institu-
tional guidelines for the care and use of animals were followed.
Authors’ contributions AD performed the playback experiment and
FG analysed the vocalizations, LM and ML analysed the dyadic interac-
tions. AND designed the experiments and supervised the project, AND
and AR wrote the manuscript.
Behav Ecol Sociobiol (2016) 70:927–937 935
References
Anderson DJ, Ricklefs RE (1995) Evidence of kin-selected tolerance by
nestlings in a siblicidal bird. Behav Ecol Sociobiol 37:163–168
Bell MBV, Radford AN, Smith RA, Thompson AM, Ridley AR (2010)
Bargaining babblers: vocal negotiation of cooperative behaviour in a
social bird. Proc R Soc Lond B 277:3223–3228
Boinski S, Campbell AF (1996) The Bhuh^ vocalization of white-faced
capuchins: a spacing call disguised as a food call. Ethol Ecol Evol
102:826–840
Brown JL (1978) Avian communal breeding systems. Annu Rev Ecol
Syst 9:123–155
Brown CR, Brown MB, Shaffer ML (1991) Food-sharing signals among
socially foraging cliff swallows. Anim Behav 42:551–564
Bugnyar T, Kijne M, Kotrschal K (2001) Food calling in ravens: are yells
referential signals? Anim Behav 61:949–958
Bulmer E, Celis P, Gil D (2008) Parent-absent begging: evidence for
sibling honesty and cooperation in the spotless starling (Sturnus
unicolor). Behav Ecol 19:279–284
Caine NG, Addington RL, Windfelder TL (1995) Factors affecting the
rates of food calls given by red-bellied tamarins. Anim Behav 50:
53–60
Campbell JF, Runnion C (2003) Patch exploitation by female red flour
beetles, Tribolium castaneum. J Insect Sci 3:20
Clay Z, Smith CL, Blumstein DT (2012) Food-associated vocalizations in
mammals and birds: what do these calls really mean? Anim Behav
83:323–330
Cramp S, Simmons KEL (1985) The birds of Europe, theMiddle-east and
North Africa. The birds of Western Paleartic, vol 4. Terns to
Woodpeckers. Oxford University Press, Oxford
Di Bitetti MS (2005) Food-associated calls and audience effects in tufted
capuchin monkeys, Cebus apella nigritus. Anim Behav 69:911–919
Dreiss AN, Henry I, Ruppli CA, Almasi B, Roulin A (2010a) Darker
eumelanic barn owls better withstand food depletion through resis-
tance to food deprivation and lower appetite. Oecologia 164:65–71
Dreiss AN, Lahlah N, Roulin A (2010b) How siblings adjust sib-sib
communication and begging signals to each other. Anim Behav
80:1049–1055
Dreiss AN, Ruppli CA, Faller C, Roulin A (2013a) Big brother is
watching you: eavesdropping to resolve family conflicts. Behav
Ecol 24:717–722
Dreiss AN, Ruppli CA, Oberli F, Antoniazza S, Henry I, Roulin A
(2013b) Barn owls do not interrupt their siblings. Anim Behav 86:
119–126
Dreiss AN, Ruppli CA, Roulin A (2014) Individual vocal signatures in
barn owl nestlings: does individual recognition have an adaptive role
in sibling vocal competition? J Evol Biol 27:63–75
Dreiss AN, Ruppli CA, Faller C, Roulin A (2015) Social rules govern
vocal competition in the barn owl. Anim Behav 102:95–107
Durant JM, Handrich Y (1998) Growth and food requirement flexibility
in captive chicks of the European barn owl (Tyto alba). J Zool 245:
137–145
Durant JM, Hjermann DO, Handrich Y (2013) Diel feeding strategy
during breeding in male Barn Owls (Tyto alba). J Ornithol 154:
863–869
Falk J, Wong JWY, Kölliker M, Meunier J (2014) Sibling cooperation in
earwig families provides insights into the early evolution of social
life. Am Nat 183:547–557
Godfray HCJ (1991) Signaling of need by offspring to their parents.
Nature 352:328–330
Godfray HCJ, Parker GA (1992) Clutch size, fecundity and parent-
offspring conflict. Philos T Roy Soc B 332:67–79
Gros-Louis J (2004) The function of food-associated calls in white-faced
capuchin monkeys, Cebus capucinus, from the perspective of the
signaller. Anim Behav 67:431–440
Hamilton WD (1964) The genetical evolution of social behaviour. J
Theor Biol 7:1–16
Hauser MD, Teixidor P, Field L, Flaherty R (1993) Food-elicited calls in
chimpanzees: effects of food quantity and divisibility. Anim Behav
45:817–819
Joe H, Zhu R (2005) Generalized Poisson distribution: the property of
mixture of Poisson and comparison with negative binomial distribu-
tion. Biometrical J 47:219–229
Johnstone RA (2004) Begging and sibling competition: How should off-
spring respond to their rivals? Am Nat 163:388–406
Johnstone RA, Roulin A (2003) Sibling negotiation. Behav Ecol 14:780–
786
Madden JR, Kunc HP, English S, Manser MB, Clutton-Brock TH (2009)
Calling in the gap: competition or cooperation in littermates’ beg-
ging behaviour? Proc R Soc Lond B 276:1255–1262
Marti CD (1989) Food sharing by sibling common barn owls. Wilson
Bull 101:132–134
Mathevon N, Charrier I (2004) Parent–offspring conflict and the coordi-
nation of siblings in gulls. Proc R Soc Lond B 271:S145–S147
Maynard Smith J (1982) Do animals convey information about their
intentions? J Theor Biol 97:1–5
McNamara JM, Gasson CE, Houston AI (1999) Incorporating rules for
responding into evolutionary games. Nature 401:368–371
Mock DW, Parker GA (1997) The evolution of sibling rivalry. Oxford
University Press, Oxford
Parker GA (1974) Assessment strategy and evolution of fighting behav-
ior. J Theor Biol 47:223–243
Patricelli GL, Krakauer AH, McElreath R (2011) Assets and tactics in a
mating market: economic models of negotiation offer insights into
animal courtship dynamics on the lek. Curr Zool 57:225–236
Py I, Ducrest AL, Duvoisin N, Fumagalli L, Roulin A (2006) Ultraviolet
reflectance in a melanin-based plumage trait is heritable. Evol Ecol
Res 8:483–491
Radford AN, Ridley AR (2008) Close calling regulates spacing between
foraging competitors in the group-living pied babbler. Anim Behav
75:519–527
Romano A, Boncoraglio G, Rubolini D, Saino N (2013) Parent-absent
signalling of need and its consequences for sibling competition in
the barn swallow. Behav Ecol Sociobiol 67:851–859
Roulin A (2004a) Effects of hatching asynchrony on sibling negotiation,
begging, jostling for position andwithin-brood food allocation in the
barn owl, Tyto alba. Evol Ecol Res 6:1083–1098
Roulin A (2004b) The function of food stores in bird nests: observations
and experiments in the barn owl Tyto alba. Ardea 92:69–78
Roulin A, Dreiss AN (2012) Sibling competition and cooperation over
parental care. In: Royle NJ, Smiseth PT, Kölliker M (eds) The evo-
lution of parental care. Oxford University Press, Oxford, pp 133–
149
Roulin A, Ducrest AL, Dijkstra C (1999) Effect of brood size manipula-
tions on parents and offspring in the barn owl Tyto alba. Ardea 87:
91–100
Roulin A, Kölliker M, Richner H (2000) Barn owl (Tyto alba) siblings
vocally negotiate resources. Proc R Soc Lond B 267:459–463
Roulin A, Colliard C, Russier F, Fleury M, Grandjean V (2008) Sib-sib
communication and the risk of prey theft in the barn owl Tyto alba. J
Avian Biol 39:593–598
Roulin A, Da Silva A, Ruppli CA (2012) Dominant nestlings displaying
female-like melanin coloration behave altruistically in the barn owl.
Anim Behav 84:1229–1236
Roulin A, des Monstiers B, Ifrid E, da Silva A, Genzonia E, Dreiss AN
(2016) Reciprocal preening and food sharing in colour-polymorphic
nestling barn owls. J Evol Biol 29:380–394
Ruppli CA, Dreiss AN, Roulin A (2013a) Efficiency and significance of
multiple vocal signals in sibling competition. Evol Biol 40:579–588
936 Behav Ecol Sociobiol (2016) 70:927–937
Ruppli CA, Dreiss AN, Roulin A (2013b) Nestling barn owls assess
short-term variation in the amount of vocally competing siblings.
Anim Cogn 16:993–1000
Sirot E (2012) Negotiation may lead selfish individuals to cooperate: the
example of the collective vigilance game. Proc R Soc Lond B 279:
2862–2867
Vickery WL, Giraldeau L-A, Templeton JT, Kramer DL, Chapman CA
(1991) Producers, scroungers, and group foraging. Am Nat 137:
847–863
Wright GS, Chiu C, XianW, Wilkinson GS, Moss CF (2014) Social calls
predict foraging success in big brown bats. Curr Biol 24:885–889
Behav Ecol Sociobiol (2016) 70:927–937 937
